phosphorylation of the PDGFj3-receptor induced by PDGFBB. These results suggested that RP-1776 antagonizes the signaling of PDGFBB probably through the inhibition of PDGFBB binding to the PDGF^-receptor. Platelet-derived growth factor (PDGF) is a potent mitogen and chemotactic molecule for various cells, released from activated platelets. h2) PDGFis also expressed in embryonal tissues, and has neurotrophic activity for neuronal cells in rat brain, suggesting involvement of PDGFin development or maintenance of cells. And the fact that PDGFcan stimulate growth of connective tissue and the production of matrix constituents indicates a role of PDGFin wound healing.
Evidence indicates that PDGFmay be involved in the pathogenesis of various proliferative diseases including tumorigenesis, fibrosis, atherosclerosis, and restenosis after angioplacity.3~5) Recent finding showed that anti-PDGF antibody reverted the transformed phenotype of smooth muscle cells into normal or prevented vascular intimal hyperplasia.6^Therefore, compounds which block the activation of the PDGF receptor would be potential antitumor drugs or could be effective for the treatment of atherosclero sis.
There are two subtypes ofPDGF, PDGF A and PDGF B, which form homo-or hetero-dimer, resulting three isoforms, AA, AB, and BB. These isoforms can interact with the extracellular domains of their specific receptor, designated as a-receptor and /3-receptor with different affinities.7~9) Both receptors have tyrosine kinase domains in their intracellular regions, and the receptor dimerization induced by PDGFs followed by autophosphorylation of the receptor is essential for the signal transduction of PDGF into the cells. 1O'H) In the course of our screening work to obtain inhibitors of the binding of PDGFto its receptor, we found a novel cyclic peptide, RP-1776, produced by an actinomycete, Streptomyces sp. KY11784.
Here we report the fermentation, purification, and biochemical properties of RP-1776. Materials and Methods
Materials
The extracellular domain of the recombinant human PDGF a-receptor, the extracellular domain of the n Present address: Pharmaceutical Research Institute, Kyowa Hakko Kogyo Co., Ltd., 1 1 88 Shimotogari, Nagaizumi-cho, Sunto-gun, Ligand Binding Assays The standard PDGFbinding assay was performed for routine measurements by a solid-phase method using the specific antibody for PDGFaccording to the method of Fretto et all2) In brief, the extracellular domain of the PDGFa-or /3-receptor protein was immobilized in 96-well plates, and incubated with 13 ng/ml PDGFAAhaving the KT3epitope or 5ng/ml PDGFBB, and a sample dissolved in methanol or dimethyl sulfoxide for 2 hours at room temperature in the reaction mixture composedof 25mM HEPES (pH 7.8), 100mM NaCl, 0.01% Tween 20, and 0.3% gelatin. Each well was washed with the wash buffer consisting of 25mMHEPES, 100mM NaCl, and 0.01% Tween 20 (pH 7.6). The amount of PDGF bound to the receptors was detected with the anti-KT3 antibody or the anti-PDGF BB antibody. After incubation of the wells with 5 jiglml of the anti-KT3 antibody or 2.5 jiglml of the anti-PDGFBB in the reaction mixture for an hour at 37°C, the wells were washed again with the wash buffer. These wells were incubated with the secondary antibody (peroxidaseconjugated antibody, X 1,000 dilution)
for an hour at 37°C. After washing the plates, the substrates of peroxidase, azinobis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS) and H2O2, were added. The product of the enzyme reaction was white (a) mustardbrown (2pi) oatmeal (2ec) Lt mustard tan (2ie) oatmeal (2ec) bamboo (2ge) white (a) oatmeal (2ec) oatmeal (2ec) Another PDGFbinding assay was also carried out using the immobilized PDGFligand in 96-well plates. The PDGF BB-immobilized plates were incubated for 2 hours at room temperature with 5 /ig/ml PDGF^-receptor extracellular domain and a sample dissolved in methanol or dimethyl sulfoxide in the reaction mixture described above. Each well was washed with the wash buffer described above. The amount of PDGF^-receptor bound to the ligand were detected with the anti-PDGF^-receptor antibody. After incubation of the wells with 0.1 jUg/ml of the anti-PDGF /3-receptor antibody in the reaction mixture for an hour at 37°C, the wells were washed again with the wash buffer. These wells were incubated with the secondary antibody (peroxidase-conjugated antibody, X1,000 dilution)
for an hour at 37°C. After washing the plates, the substrates of peroxidase were added. The product of the enzyme reaction was detected by monitoring the absorbance at 650 nm. The small amount of cultured broth sampled every day was centrifuged to obtain mycelia. The productivity of RP-1776 was determined as described in Materials and Methods. The production of RP-1776 in the mycelia (O), packed cell volume (%) (A), and pH (å¡) are indicated.
as shown in Table 1 . The color of the aerial mycelium of strain KYI1784was white or oatmeal on any agar media listed in Table 1 after incubation at 28°C for 14 days. Strain Figure  1 . No fragmentation of substrate mycelia was observed, and sclerotia, flagellated spores were not formed in the cultures.
The physiological characteristics of strain KYI 1784 are shown in Table 2 . This strain utilized glucose, arabinose, xylose, fructose, rhamnose, and mannitol for growth, but not sucrose, raffinose, and myo-inositol. Analysis of cell hydrolysates of the strain revealed that the cell walls contained LL-diaminopimelic acid. The predominant menaquinone was MK-9 (H6), and there was a significant amount of MK-9 (H8). These taxonomic observations indicate that strain KYI1784 belongs to the genus Strep to myces.
Production of RP-1 776 by Fermentation
The time course of RP-1776 production in a 30-liter jar fermenter is shown in Figure 2 . The production of RP-1776 in the culture broth initiated on day 1 and the amount of RP-1776 reached maximum on day 3.
Isolation and Purification
The isolation procedures for RP-1776 are outlined in Figure 3 . Fifteen liter of methanol was added to the whole fermentation broth (15 liter) and centrifuged. The obtained mycelial cake was extracted again with methanol. The formerly obtained supernatant and the latter methanol extract were mixed together and diluted with the equal volume of water, and applied to a Diaion HP-20 column (2 liter). The column was washed with 50% methanol, and adsorbed material was eluted with methanol-acetone (7 : 3). Fractions containing RP-1776 were pooled and concentrated in vacuo. The crude materials were suspended in water and washed with ethyl acetate. The aqueous layer was collected and concentrated in vacuo to dryness to yield brownish powder. The crude powder was dissolved in a small amount of 78%methanol and applied to a reversephase silica gel column (YMC ODS AQ-S50, 200ml) and developed with 78% methanol monitoring absorbance at 220 nm. The fractions containing RP-1776 were pooled and evaporated in vacuo to dryness. The crude RP-1776was dissolved in a small amount of 78%methanol containing 0.1% trifluoroacetic acid, and injected to a preparative HPLC column (YMC D-ODS-5AQ, 2 cm i.d.X25 cm). The HPLCwas performed with 78% methanol containing 0.1% trifluoroacetic acid as elution solvent monitoring absorbance at 220nm. The fractions containing RP-1776 were combined, and diluted with equivolume of water. The diluted fraction was loaded on a Diaion HP-20 column. The column was washed with water, then eluted with methanol -actetone (7 : 3). The evaporation of the elution solvent gave 340 mg ofRP-1776.
Physico-chemical Properties of RP-1 776
Physico-chemical properties and 13C and lH NMRdata of RP-1776 are summarized in Table 3 and Table 4 , respectively.
RP-1776 is readily soluble in methanol, and ethanol, and virtually insoluble in chloroform and water. The structures of RP-1776 was determined as a novel cyclic peptide shown in Figure 4 . RP-1776 consists of eleven amino acids including five unusual amino acids. In order to confirm the interaction of RP-1776 with PDGF BB, the effect of RP-1776 on PDGF BB immobilized on a 96-well plate was examined. RP-1776 
